the SAINT software package S1 using a narrow-frame algorithm. The integration of the data using a monoclinic unit cell yielded a total of 13679 reflections to a maximum θ angle of 16.92° (0.71 Å resolution), of which 2333 were independent (average redundancy 5.863, completeness = 97.9%, Rint = 6.05%, Rsig = 4.49%) and 1988 (85.21%) were greater than 2σ(F2). The final cell constants of a = 16.3051(7) Å, b = 6.5192(3) Å, c = 15.4278(6) Å, β = 97.9090(10)°, volume = 1624.32(12) Å 3 , are
based upon the refinement of the XYZ-centroids of 5581 reflections above 20 σ(I) with 4.869° < 2θ < 33.70°. Data were corrected for absorption effects using the multi-scan method (SADABS). S2 The ratio of minimum to maximum apparent transmission was 0.841. The calculated minimum and maximum transmission coefficients (based on crystal size) are 0.6260 and 0.7441. Please refer to Table S2 for additional crystal and refinement information.
The space group C2/c was determined based on intensity statistics and systematic absences. The structure was solved using and refined using the SHELX suite of programs. S3 An intrinsic methods solution was calculated, which provided most non-hydrogen atoms from the E-map. Full-matrix least squares / difference Fourier cycles were performed, which located the remaining non-hydrogen atoms. All non-hydrogen atoms were refined with anisotropic displacement parameters. The hydrogen atoms were placed in ideal positions and refined as riding atoms with relative isotropic displacement parameters. The final anisotropic full-matrix least-squares refinement on F2 with 113 variables converged at R1 = 4.94%, for the observed data and wR2 = 15.13% for all data. The goodness-of-fit was 1.230. The largest peak in the final difference electron density synthesis was 0.531 e -/Å 3 and the largest hole was -0.699 e -/Å 3 with an RMS deviation of 0.225 e -/Å 3 . On the basis of the final model, the calculated density was 1.408 g/cm 3 and F(000), 724 e -. Nonclassical hydrogen bonds were observed ( Figure S3 and Table S3 ). Table S1 . Crystal data and structure refinement for nitroxide 1 (X-ray label: 15131, sample label: JTP12-97f1C) Table S2 . Crystal data and structure refinement for nitroxide 2 (X-ray labels: S16003 and CMC1051, sample label: HSD-1-1-26). , all data.
S6
. Figure S1 . Nitroxide 1: formula unit obtained by Mo Kα radiation (X-ray label: 15131, sample label: JTP12-97f1C). Carbon, nitrogen, and oxygen atoms are depicted with thermal ellipsoids set at the 50% probability level. Figure S2 . Nitroxide 2: selected specimen and formula unit obtained by synchrotron radiation (Xray labels: S16003 and CMC1051, sample label: HSD-1-1-26). Carbon, nitrogen, and oxygen atoms are depicted with thermal ellipsoids set at the 50% probability level. (Table S3) . #1 -x,y,-z+1/2 #2 x,y-1,z #3 -x+1/2,y-1/2,-z+1/2 4. EPR spectroscopy at DU.
X-band CW spectra were recorded on a commercial spectrometer with an SHQE resonator and 100 kHz modulation frequency. Variable temperature CW and pulse EPR experiments were obtained on a commercial spectrometer, which is equipped with an ER4118X-MS5 split ring resonator, a liquid helium cryostat, and a temperature controller for cryogenic temperatures. Q-band measurements were performed on a commercial instrument using an ER5107D2 resonator.
Temperatures at the sample are accurate to within about 2 K. Spectra were simulated using the locally-written program Monmer, which is based on the equations in ref. At room temperature the spectrum of tempol in a well-formed glassy matrix exhibits the anisotropic g and A-values that are characteristic of immobilized nitroxides ( Figure S4A ). However when there is not good glass formation and the solute is not magnetically dilute an exchange-narrowed spectrum is observed ( Figure S4B ). Samples may also be heterogenous resulting in spectra that are intermediate between those shown in Figure S4A and S4B. For small nitroxides such as tempol, it was difficult to reproducibly prepared well-formed glasses in trehalose. However, addition of 10% sucrose to the trehalose resulted in consistently well-formed glasses with magnetically dilute solute. The broad underlying feature that is evident in the Q-band spectra of both 1 and 2, but not in the simulated spectra suggests the presence of a small amount of magnetically-concentrated radical. The relaxation times of the magnetically concentrated radicals are much shorter than for the magnetically dilute material, and do not contribute to the measured relaxation times reported in the main text. CW X-band EPR spectra for nitroxides in solution were acquired on a commercial EPR instrument, equipped with a frequency counter and nitrogen flow temperature control (130-300 K). The spectra were obtained using a dual mode cavity; all spectra were recorded using an oscillating magnetic field perpendicular (TE102) to the swept magnetic field. DPPH powder (g = 2.0037) was used as a g-value reference. The spectra were simulated using Symphonia or EasySpin (Garlic). Geometry optimizations and frequency calculations were performed using the Gaussian 09 program package S7 running on a workstation under Linux operating system.
S13
Ground-state geometries of nitroxides were optimized at the UB3LYP/6-311G(d,p) level.
Starting geometry for 2 was the C2-symmetric conformation in the X-ray structure; this led to the lowest energy conformation for nitroxide 2. The geometry optimizations were followed by vibrational analyses to confirm that all reported structures are the minima on the potential energy surface (Tables   S4 and S5 ). These geometries were used for single point calculations of EPR spectral parameters at the UB3LYP/EPR-III level of theory (Table S6 ).
Stick and space-filling plots for the lowest energy conformations of 1 and 2 the UB3LYP/6-311G(d,p)+ZPVE level are presented in Figure S10 . Point group H NMR spectrum of 2, a very broad peak at  = -40 ppm was tentatively assigned to diastereotopic CH2 protons ( Figures S24 and S25) . 
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Figure S10. Stick and space-filling plots for the lowest energy conformations of nitroxides 1 (top) and 2 (bottom) computed at the UB3LYP/6-311G(d,p)+ZPVE level of theory.
Synthesis of Nitroxides.
Synthetic scheme for preparation of nitroxides 1 and 2 is summarized below.
HSD-1-56: Lithium (0.80 g, 0.113 mol, surface was refreshed with razor) was washed with heptane, dried under vacuum, charged with argon, and cut into small pieces immediately before using. Tetrahydrofuran (16 mL, freshly distilled from sodium and benzophenone) was added to lithium and cooled to 0 °C. A solution of 4,4′-di-tert-butylbiphenyl (0.94 g, 3.5 mmol) in tetrahydrofuran (40 mL) was added to lithium dropwise; a blue color appeared immediately. After stirring for 3 h, the mixture was cooled to -78 °C and a solution of SM 3 (2.0 g, 7.1 mmol) in tetrahydrofuran (40 mL) was added dropwise; the reaction mixture became red shortly after the
Product label JTP-9-31 JTP-9-27-f1 0.067/0. S22 addition, and then slowly became dark brown, to produce dianion of 3. S8 After 16 h, the liquid was cannulated to mostly frozen methyl chloroformate (1.36 mL, 17.6 mmol) and stirred for 1 day at -78 °C. The reaction was quenched with saturated aqueous ammonium chloride (100 mL) and allowed to warm to rt. The mixture was diluted with ethyl ether (100 mL*3) and washed with brine (100 mL*3), dried over sodium sulfate and concentrated in rotatory evaporator. The crude was purified by column chromatography (silica gel, pentane/ethyl acetate, 1:1, Rf 0.32) to afford a light yellow solid (1.86 g, 66%).
Product label heptane, dried under vacuum, charged with argon, and cut into small pieces immediately before using.
Tetrahydrofuran (4 mL, distilled from sodium and benzophenone) was added to lithium and cooled to 0 °C. A solution of 4,4′-di-tert-butylbiphenyl (0.47 g, 1.77 mmol) in tetrahydrofuran (10 mL) was added to lithium dropwise, a blue color appeared immediately. After stirring for 3 h, the mixture was cooled to -78 °C and a solution of SM 3 (1.0 g, 3.532 mmol) in tetrahydrofuran (10 mL) was added dropwise. Following the addition, the reaction mixture became red, and then slowly turn to dark brown. S8 After 16 h, the liquid was cannulated to mostly frozen methyl bromoacetate (1.30 mL, 14.13 mmol) and stirred for 1 day at -78 °C. The reaction was quenched with saturated aqueous ammonium chloride (30 mL) and allowed to warm to rt. The mixture was diluted with ethyl ether (30 mL*3) and washed with brine (30 mL*3), dried over sodium sulfate and concentrated in rotatory evaporator. Single crystal growth for X-ray crystallography: 20 mg of nitroxide 2 was dissolved in 1 ml of chloroform, and then was filtered to a small vial. This small vial was placed into a big vial containing 2 ml of pentane, and then after sealing the big vial, the assembly was left at room temperature for overnight. The crystal formation was observed next day.
Summary for preparation of compound 2-H 2-H (label: HSD-1-1-36): Nitroxide 2 (label: HSD-1-1-26, 10.6 mg, 0.031 mmol, 1.0 equiv.) was dissolved into 2.5 ml of phosphate buffered saline (PBS; 12.4 mM) to give a homogenous solution.
To this solution, L-ascorbic acid (ACS; 27.13 mg, 0.154 mmol, 5.0 equiv.) was added. The mixture S26 was stirred at ambient temperature with the protection from light for 3 hours. After 3 hours, the solutions was extracted with ethyl acetate (3 mL*3), and the organic layer was dried over Na2SO4
and concentrated under the reduced pressure, and then evacuated under high vacuum to afford the residue of the reaction of 7 mg (label: HSD-1-1-36 Figure S13 . 1 H NMR spectrum (600 MHz, CDCl3) of 5 (label: JTP12-61f2). Figure S15 . 1 H NMR spectrum (400 MHz, 0.9 M in CDCl3) of nitroxide 1 (label: JTP13-31f1). Figure S19 . 1 H NMR spectrum (700 MHz, CDCl3) of hydroxylamine 1-H after overnight in freezer (label: JTP13-23-2). Figure S21 . 13 C-NMR spectrum (75 MHz, CDCl3) of compound 6 (Label: HSD-1-1-12). 
Cartesian Coordinates for UB3LYP/6-311G(d,p)+ZPVE Geometries of the Lowest Enegry
Conformations of Nitroxides 1 and 2.
Nitroxide 1 C2, Of11 (Table S4) A.U. after 4 cycles Convg = 0.3256D-08 -V/T = 2.0032 <Sx>= 0.0000 <Sy>= 0.0000 <Sz>= 0.5000 <S**2>= 0.7537 S= 0.5019 <L.S>= 0.000000000000E+00 Annihilation of the first spin contaminant: S**2 before annihilation 0. 
---------------------------------------------------------------------

S44
Nitroxide 2 C2, Rot8 (Table S5 ): geometry optimization starting from X-ray structure geometry ------------------------------------------------------------------- ------------------------------------------------------------------ 
---------------------------------------------------------------------Rotational constants (GHZ):
0.3940737 0.1519222 0.1240881 Standard basis: 6-311G(d,p) (5D, 7F) SCF Done: E(UB3LYP) = -1276.37925199
A.U. after 5 cycles Convg = 0.3239D-08 -V/T = 2.0033 <Sx>= 0.0000 <Sy>= 0.0000 <Sz>= 0.5000 <S**2>= 0.7541 S= 0.5020 <L.S>= 0.000000000000E+00 Annihilation of the first spin contaminant: S**2 before annihilation 0. --Stationary point found.
